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Ultrastructure of the renal pelvic epithelium of the rat
FREDRIC J. SILVERBLATT
Department of Medicine, University of Washington, and the Veterans Administration Hospital, Seattle, Washington
Ultrastructure of the renal pelvic epithelium of the rat. The
ultrastructure of the renal pelvis of six rats was examined. Transi-
tional epithelium, similar to that found in the bladder, was
limited to the contrapapillary surface and overlay cortex and
outer medulla. Like the bladder, the luminal plasma membrane
of these cells measured l25A and its outer leaflet was thicker
than the cytoplasmic. The papillary epithelium was comprised
of simple cuboidal cells, whose luminal membrane was 75A in
thickness. In the fornix, groups of cells intermediate in appear-
ance were observed with regions of both 75A and l25A mem-
brane present along the luminal surface. A correlation was
observed between the urea permeability of each pelvic cell type
and the concentration of urea in the underlying renal paren-
chyma reported by other investigators; that is, the urea-perme-
able papillary epithelial cells invest the inner medulla which is a
region of high urea concentration, whereas the transitional cells
believed to be impermeable overlie the urea-poor cortex and
outer medulla. It is suggested that the pelvic epithelial cells may
participate in the regulation of urea reabsorption from the pelvic
urine.
Ultrastructure de l'épithélium pyélique chez le rat. L'ultra-
structure de l'épithélium pyélique a été étudiée chez six rats.
L'épithélium de transition, semblable a celui de la vessie, est
limité a Ia region juxta papillaire et recouvre Ic cortex et la
médullaire externe. Comme dans la vessie, Ia membrane plas-
mique luminale de as cellules mesure l25A Ct sa couche externe
est plus épaisse que sa couche cytoplasmique. L'épithélium
papillaire de cellules cuboldes simples, dont la membrane
iuminale a une épaisseur de 75A. Dans le fornix des groupes de
cellules d'aspect intermédiare ont été observées dans des regions
ott existent les deux épaisseurs de membranes, 75 et l25A, le
long de la face luminale. Une correlation a été observée entre Ia
perméabilité a l'urée de chague type de cellule pyélique et Ia
concentration d'urée dans Ic parenchyme sous jacent, telle
qu'elle a été décrite par d'autres auteurs. Les cellules épithéliales
papillaires recouvrent Ia médullaire interne, region ott Ia
concentration d'urée est élevée alors que les cellules de transi-
tion, supposées peu perméables, recouvrent le cortex et Ia
médullaire externe, ott Ia concentration d'urée est faible. 11 est
suggéré que les cellules de l'épithélium pyélique puissent
participer a Ia regulation de Ia reabsorption de l'urée contenue
dans l'urine pyélique.
In the rat, urea from the urine of the renal pelvis
diffuses across the epithelial cells which line the papilla
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[1, 2}. This recycling of the major nonelectrolyte
solute of the urine is believed to facilitate the elabora-
tion of a concentrated urine [2]. While it has long been
known that the cells of the papillary epithelium re-
semble the urea-permeable collecting duct epithelium
by light microscopy, a recent ultrastructural study has
indicated that they are in fact transitional cells [3].
This distinction is significant as transitional cells are
believed to be relatively impermeable to the constitu-
ents of the urine [4].
In order to clarify the relationship between cell
morphology and the phenomenon of urea recycling,
I have reexamined the ultrastructure of the pelvic
epithelial cells. The present report discusses these
results and the manner in which pelvic epithelial
structure may influence urea diffusion.
Methods
Observations were made on six female adult
Sprague-Dawley rats. The animals were fed regular rat
chow and were allowed access to water ad libitum. The
kidneys were preserved by antemortem intravascular
perfusion with Karnovsky's fixative [5]. Slices I to
2 mm thick were cut from each kidney perpendicular
to its long axis. The slices were then washed overnight
in 0.1M sodium cacodylate with 7.5% sucrose, postos-
micated for two hours in 2% osmic acid buffered with
s-collidine, and then stained in block in a 0.5%
solution of uranyl acetate for 90 minutes. Dehydration
was accomplished by exposure to a series of ethanol
solutions of graduated strength and the tissue was
embedded in epoxy resin after being soaked in pro-
pylene oxide.
Sections of the whole kidney slices, 1 to 2 thick,
were cut on a rotary microtome with a steel knife.
These were stained with toluidine blue and examined
with the light microscope. When an area of interest
was identified, the region was located on the face of
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the block and punched out using a needle-like device
described by Boatman and Lowe [6]. The punched
sample was then remounted on an aluminum chuck
and thin sections prepared for electron microscopy.
The sections were stained sequentially with uranyl
acetate and lead tartrate and photographed with an
electron microscope (A.E.I. 801).
Observations
For descriptive purposes, the pelvic epithelium of
the rat is divided into four regions (Fig. 1). The initial
segment (segment A), which is largely extrarenal, is
continuous with the ureteric epithelium and consists
of conventional stratified transitional epithelium
(Fig. 2). It is similar in appearance to the epithelium of
the rat ureter described in great detail by Hicks [7].
Segment B, which extends from the point where the
pelvis inserts into the renal parenchyma to the fornix,
is a transitional epithelium one or two layers thick
(Fig. 3). When examined by electron microscopy, the
luminal surface appears scalloped, a characteristic
feature of asymmetric unit membrane (AUM) found
Fig. 1. A photomicrograph of the pelvis of a rat kidney. Ultra-
structurally distinct regions of the pelvic epithelium as described
in the text are indicated by letters A through D. A portion of the
cortex which is attested by the presence of a glomerulus (GLM)
lies immediately beneath region B. The remainder of the pelvic
epithelium overlies progressively more distal portions of the
kidney as it approaches the papilla. Secondary pyramids, SP;
fornix, FNX; cortex, CTX; outer stripe of outer medulla, OS;
inner stripe of outer medulla, IS. Arrow points to the insertion of
the pelvis into the renal parenchynia (x 17).
in transitional cells. This unique membrane measures
125A in thickness and, unlike typical cell membranes,
its luminal leaflet is thicker than the cytoplasmic
leaflet (Figs. 4 and 5). A similar membrane surrounds
fusiform vesicles present in the apical cytoplasm
(Fig. 4). As in the stratified transitional epithelium of
segment A, bundles of 65A-thick filaments are seen
throughout the cytoplasm.
A single layer of cells also overlies the papilla
(segment D). At its tip, the epithelial cells are contin-
uous with those of the collecting ducts and, like them,
are columnar in shape and contain relatively few
organelles (Fig. 6). Along the sides of the papilla, the
epithelial cells are more nearly cuboidal. The luminal
plasma membrane of the papillary epithelium is about
75A in width and projects into the pelvis as short micro-
villi (Figs. 7 and 8). An extraneous coat or layer of
fuzz is present on the external surface of these cells.
Fusiform vesicles and bundles of 65A filaments are
lacking in the cells of segment D.
There is no abrupt transition between the simple
cuboidal cells which line the papilla and the contra-
papillary transitional cell types. Rather, in the region
Fig. 2. An electron inicrograph of stratified transitional epilheliu,n
of region A. As is characterististic of these cells, the luminal
membrane appears scalloped. Note the presence of fusiform
vesicles (FV) in the cytoplasm of the most superficial cells
(x 10,500).
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Fig. 3. An electron micrograph of the single-layered transitional epithelium of region B which shows the close proximity of this part of
the pelvis to the underlying cortex. Proximal convoluted tubule, PCT; capillary, CAP (x 6,425).
of the fornix, many epithelial cells are seen which
possess features of both cell types (segment C). As can
be seen in Figs. 9 and 10, the luminal plasma membrane
of these intermediate cells is comprised of segments of
AUM interspersed with 75A-thick membrane. Only an
occasional fusiform vesicle or 65A filament bundle was
seen in these cells. Intermediate cells were also ob-
served lining buttress-shaped projections of inner
medulla called secondary pyramids which extend into
the pelvis between the fornices (Fig. 1).
Because of the complex processes which occur
during the morphogenesis of the rat kidney, the pelvic
epithelium overlies progressively more distal regions of
the kidney as it approaches the tip of the papilla. As a
result, while the stratified and single-layered transi-
tional cells are adjacent to cortex and outer medulla,
the intermediate cells of the fornix and the simple
cuboidal cells of the papillary epithelium are closely
associated with increasingly deeper regions of the
inner medulla (Figs. 1 and 3).
Discussion
Urea appears to play a unique role in the concen-
trating process of some animals [8, 9]. For example,
rats fed urea excrete nonurea solutes in a smaller
volume of urine than following administration of
other substances [8, 9]. The mechanism whereby urea
augments concentrating ability is not completely
understood but is believed to depend upon the en-
hancement of medullary interstitial tonicity resulting
from the recycling of urea in the papilla [10]. Tn the
presence of antidiuretic hormone, urea—as well as
water—diffuses across the medullary collecting duct
epithelium [11], and attains concentrations in the
medullary interstitium, only slightly less than in the
urine.
Several lines of evidence suggest that in some species
the pelvic urine is also in equilibrium with the medul-
lary interstitium and that resorption of urea across the
papillary epithelium is important for the elaboration
of a concentrated urine. First, SchUtz and Schnermann
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Fig. 4. An electron micrograph of the apical region of a transitional cell. The luminal membrane is comprised of asymmetric unit mem-
brane (AUM). A similar plasmalemma lines fusiform vesicles (FV). Bundles of 65A filaments (F) course through the cytoplasm
(x 89,600).
Fig. 5. An electron micrograph of the asymmetric unit membrane at higher magnification. The width of the membrane is about 125A. Note
that the outer leaflet (OL) is thicker than the cytoplasmic or inner leaflet (IL) (x 156,200).
have shown that the concentrating ability of the rat
papilla is influenced by the presence and composition
of the pelvic urine [2]. Second, Gertz, Schmidt-
Nielson and Pagel [1], and later Schütz and Schner-
mann [2], have documented a flux of urea and water
across the papillary epithelium. Finally, Pfeiffer has
demonstrated a correlation, in certain species, between
the extent of the reabsorptive surface of the pelvis and
the ability to increase maximal urine concentration
following a urea load [12, 13]. Thus, animals such as
the rat and man, with well developed fornices, are
capable of responding to a urea load; whereas in those
animals such as the pig and beaver, whose pelvices are
more simple, the maximal urine concentration is
independent of administered urea.
The observations reported here identify certain
morphologic features of pelvic epithelial cells which
may be relevant to the phenomenon of urea re-
cycling. It has been shown that from its origin at the
terminal portion of the ureter to the tip of the papilla,
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the ultrastructure of the rat pelvic epithelium is
gradually transformed from that of a transitional cell
to one resembling the collecting duct epithelium. An
essential part of this change is the replacement of the
luminal 1 25A asymmetric unit membrane characteristic
of transitional cells with that of a 75A membrane of
more typical appearance. This change occurs in the
region of the fornix where individual cells are observed
Fig. i. un eiectron micrograpn oj me apical portion of a cel/from
region D, the papillary epithelium. The luminal membrane pro-
jects into the pelvic space as short microvilli (MV) (x 39,600).
Fig. 6. An electron micrograph of the
pelvic epithelium overlying the tip of the
papilla. The cells are columnar in shape
and contain relatively few organelles
(x 2,640).
with both membrane types. It had previously been
reported [3] that the luminal surface of the papillary
epithelium was lined by asymmetric unit membrane.
In the present study, however, the AUM was found to
be restricted to the contrapapillary surface; the
papilla and much of the fornix were invested with 75A
membrane.
Transitional cells are known to be relatively
Fig. 8. An electron micrograph of the luminal membrane of a
papillary epithelial cell at higher magnification. The membrane
(between the two arrows) measures approximately 75A. An
extraneous coat (EC) is seen on the outer surface (x 230,000).
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Fig. 9. An electron micrograph of the apical region of a pelvic epithelial ce//from the fornix (region C). Along the luminal membrane of
this cell, regions of asymmetric unit membrane are interspersed with more usual 75A membrane. The thin arrows point to the linear
contours of the asymmetric unit membrane while the larger arrows denote the 75A membrane present along microvilli (x 45,300).
impermeable to the constituents of the urine [4, 13]
and Hicks has presented evidence to support her
thesis that the site of this permeability barrier is the
AUM [4]. If the AUM is indeed impermeable to urea,
one might speculate that its distribution along the
pelvic surface might influence the site or the amount of
urea reabsorbed from the pelvic urine or both. As
previously noted, the luminal plasma membrane of
the pelvic epithelial cells adjacent to the urea-poor
cortex is comprised exclusively of AUM, whereas the
AUM constitutes progressively less of the surface of
those cells which overlie zones of the kidney closer to
the urea-rich papillary tip. This distribution might
thereby permit reabsorption of urea by the papillary
and, to a lesser extent, forniceal epithelium. At the
same time, it could prevent degradation of the concen-
tration gradients of the renal interstitium which would
result if the epithelium overlying the cortex and outer
medulla were in osmotic equilibrium with the hyper-
tonic pelvic urine.
Recent observations have challenged the concept
that the AUM is the site of the permeability barrier of
transitional cells [13, 14]. The luminal membrane of
bladder transitional cells has been shown to be a
mosaic; plaques of AUM lie embedded in a matrix of
more usual appearing membrane which may comprise
up to 28% of the luminal surface. Staehelin, Chlapow-
ski and Bonneville questioned, therefore, whether the
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Fig. 10. An electron inicrograph of the same cell seen in Fig. 9,
showing at higher power regions of asymmetric unit membrane
(thin arrows) and 75A membrane (thick arrows) (x 85,600).
AUM alone can account for the impermeability of
these cells [14]. However, these observations are not
necessarily inconsistent with Hicks' thesis. It is known
that the bladder and ureter are, in fact, not ideal con-
duits. Levinsky and Berliner [16] have shown that at
urine flow rates less than 1 ml/min, as much as 20°,V0 of
the urea present in the urine of dogs is reabsorbed
during passage through these structures. Thus, under
conditions of low flow the interplaque regions might
well be responsible for this limited permeability.
It seems likely that the presence of these inter-
plaque regions also underlies the gradual transforma-
tion of luminal membrane composition of the forni-
ceal epithelial cells. AUM is known to be synthesized
in the Golgi apparatus and transported to the apex
via the fusiform vesicles [17]. It seems reasonable to
assume that during the conversion of transitional
cells to papillary epithelium, progressively less AUM
is synthesized and that gradually the interplaque
membrane becomes predominant.
In conclusion, the distribution of the various
types of epithelial cells along the rat renal pelvis is
consistent with available physiological information
concerning urea recycling. Their precise role in this
process, however, remains speculative. Clearly, fur-
ther elucidation must await studies which measure
directly transepithelial urea flow across the different
regions of the pelvic mucosa.
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